A considerable amount of literature has accumulated from studies on the induction of specific-locus mutations by irradiation in different germ cell stages of Drosophila. The results of these studies have contributed to our knowledge on dose-effect relationships, the spectrum of variability between different loci as regards mutational sensitivity, the relative rates of induction of completes and mosaics, the role of oxygenation, the effectiveness of different kinds of radiations and so on (See Sankaranarayanan and Sobels 1974 for a recent review).
Among the loci more intensively studied, is the dumpy locus (dp) located on chromosome 2 at map position 13.0.
The usefulness and suitability of this locus for mutational studies derive from the findings that (i) it is a complex locus (or a closely linked group of distinct genes) with no less than 7 mutational sites, events at which are phenotypically detectable in certain combinations Grace 1970) ; (ii) the locus is much more sensitive than others to the action of radiation as well as of chemical mutangens and (iii) the induced events at this locus involve presumed point mutations as well as those associated with chromosome breakage, the latter resulting in extreme phenotypes Carlson and Oster 1962; Oster 1963; Jenkins 1967; Corwin 1968 ). All these considerations prompted us to undertake the investigation reported in the present paper to study the frequency patterns of X-ray-induced mutational events at the dumpy locus.
MATERIALS AND METHODS
The D, melanogaster males used had the constitution sc8. Y. Bs/scsl B In 49 sc8 and the females were y w m f ; dp. Although the stocks were used primarily for the detection of mutations at the dumpy locus, they also permitted the detection of mutations at the other visible loci located on the X-chromosome.
In all the expreriments 7-dayold males were X-irradiated with three different exposures, 1500, 3000, and 4500 R. The X-ray machine was operated at 200 kV, 25 mA, 1.0 mm Al plus 1.5 mm Cu filtration, delivered at the rate of 180 R/min. Immediately after the treatment, the males were mated individually for a 24 h period to three virgin females. F1 progeny were examined in regard to each morphological trait for the tested loci. The induced F1 dumpy mutants were classified according to their phenotoypes (See Carlson and Oster 1962) . All sex-linked visible mutants were usually tested for fertility in the heterozygous female and for viability in the male progeny.
Generally, mutants having a dumpy phenotype are recognized by the presence of (1) a vortex (v), consisting of an abnormal bristle pattern associated with eruption on the back of the thorax;
(2) oblique wing (o), usually shortened, producing a truncated appearance;
(3) lethality (l), an embryonic lethal effect; all of these character traits are usually recessive and mutually complementary.
The different mutational sites are associated with the various combinations of phenotypic expressions (e.g, o, v, 1, ol, vi, ov, olv) ; ol, vi, ov and olv represent alleles bearing combinations of two or more of the three basic phenotypic expressions.
All of these pseudoalleles, except for the l allele, express a distinct phenotype in heterozygous condition over the ov allele, enabling the induced trait to be easily classified in the F1 progeny.
RESULTS AND DISCUSSION
The results on the induction of various types of dumpy mutations are summarized in Table 1 and diagrammed in Fig. 1 . Since the number of isolated dumpy mutants are not large, the mutation frequencies in the table are given as the average of those obtained for the following groups of dumpy phenotypes: o and v; of and vi; ov and olv. Since the frequencies of fractional dumpy mutants are relatively low, those of all the different dumpy exceptions are pooled.
A close examination of Fig. 1 will reveal that (i) the yield of dumpy exceptions of the o and v types increases with exposure up to 3000 R beyond which there is no further increase;
(ii) the frequency of of and vi exceptions tends to increase faster than linearly with no evidence for a decrease at 4500 R; (iii) the exposure-frequency relationship for the ov and olv exceptions does not depart from linearity;
(iv) the over-all frequencies of o, v, of and vi at the three exposure levels are also consistent with a linear increase with exposures and (v) the frequency of fractional dumpy mutants appears to remain approximately the same irrespective of the exposure.
The data presented in Table 1 permit comparisons of the relative frequencies of Carlson and Southin (1962) which show that these frequencies are: 8.0 % (o, v) ; 27.7 % (ol, vi) and 64.2 % (olv, ov). The studies of the above authors indicated that about one-fifth of the recovered ov exceptions and about one-third of the olv execeptions are associated with rearrangements or deficiency. If this were true, then one would expect the exposure-frequency curves for these classes of mutants to be super-linear. This, however, was not found in the present study. Table 2 gives the data on the frequencies of recovered complete mutations at the X-chromosomal loci, y, w, m and f. The mutation frequency at the yellow locus is given separately because of the high rate at this locus. Figure 2 in which the doseeffect relationship is shown supports the inference that for mutations at the X-chromosome loci studied, the kinetics is consistent with linearity.
Almost all the recovered yellow mutants were male inviable in the progeny test suggesting that these mutations might be associated with deficiencies. Support for the inference that a majority of the yellow mutations recovered from irradiation of the scute-8 chromosome (the one used) may be due to deletions is provided by the earlier data of Prokof'eva-Bel'govskaya (1939). The observation that the yield of dumpy fractional mutations remains approximately same at exposures of 1500, 3000 and 4500 R is somewhat puzzling, although not entirely unexpected. Munoz (1972) who performed the necessary statistical tests for the data on fractional mutations of several loci in the literature (Altenburg and Browning 1961; Sobels 1962; Matsudaira et al. 1964; Inagaki and Nakao 1966; Inagaki and Sobels 1972) showed that the evidence for the radiation-induction of fractional mutations at the y, w, sn loci (and other loci investigated by the Maxy technique) is at best meagre (none of the reported frequencies or rates was significantly higher than in the controls). It therefore does not seem profitable to discuss any of data including the present one on dumpy f ractionals in the context of the molecular mechanisms proposed to explain the origin of complete and fractional mutations.
In this connection, however, it may be worth pointing out that definite evidence for the radiation-induction of fractional mutations at the dumpy locus has been recently obtained in a large-scale study of Fujikawa et al.
In summary, the data presented in this paper indicate that the exposure frequency relationships for the different kinds of dumpy mutations are different and do not permit any unified interpretation.
It should, however, be mentioned that our present data cannot be considered as more than preliminary results on which a more thorough analysis will have to be based.
SUMMARY

A comparison
was made of the frequency patterns for the different kinds of dumpy exceptions induced by X-rays in mature sperm of Drosophila.
The results obtained indicate that (i) the yield of dumpy exceptions of the o and v types (complete) increases with exposure up to 3000 R beyond which there is no further increase;
(ii) the frequency of of and vi exceptions (complete) tends to increase faster than linearly with no evidence for a decrease at 4500 R; (iii) the exposurefrequency relationship for the ov and olv exceptions (complete) does not depart from linearity;
(iv) the over-all frequencies of o, v, of and vi (complete) at the three exposure levels are also consistent with a linear increase with exposures;
(v) such a linear doesdependency is also observed on the yield of recovered mutations (complete) at the other marker loci, y, w, m and f ; (vi) the frequency of fractional dumpy mutants appears to remain approximately the same irrespective of exposure. The present findings tend to suggest that the exposure-frequency relationships for the different kinds of dumpy mutations are different.
